In this paper we study the relationship between oil prices and macroeconomic performance by investigating the impact of oil price shocks on key macroeconomic variables of Vietnam over the 2001-2012 period. In order to test the relationship between oil prices and the value of industrial production, we use cointegration method to consider the long-term relationship and Error Correction Model (ECM) to ponder the short-term one. The test results show that the price of oil and the value of industrial production in Vietnam are positively correlated in the long term, whereas in the short term the volatility of oil prices in the last two months will negatively affect the fluctuation in the value of the current industrial production.
1.! Introduction
Today, the world economy depends mainly on the oil energy, and consumption of oil has increased constantly; therefore, crude oil plays a leading role as a key energy source for the world. Oil prices also have a huge impact on the development of the global economy because most industries are directly or indirectly dependent on this precious resource. In the period from 1995 to 2005 oil prices doubled; however, the increase was relatively stable without large mutations. In contrast, from 2006 the prices of oil have always become hot news on the newspaper due to their erratic fluctuations. In particular, the year 2008 could be considered a historic year for oil prices when consecutive records were newly established every month. It was the time when the world economy experienced the events in full surprise, including a series of financial scandals and the collapse of many intermediaries.
From the macro perspectives, oil prices directly affect the revenues and costs of the country. On the one hand, Vietnam is the third largest crude oil exporter in the Southeast Asia (after Indonesia and Malaysia); on the other hand, Vietnam still has to import all gasoline until 2009. In February 2009, when Dung Quat oil refinery was operated, the first batch of gasoline was delivered; however, the dependence on importing oil is still very large. Particularly, oil prices in Vietnam are determined by not only the international market but also local government. Therefore, an increase and/or decrease in the price of oil should have a multi-dimensional impact on the economy of Vietnam.
Since Hamilton (1983) , exploring oil prices and their increases accounting for postWorld War II US recessions, the oil price-macroeconomy nexus has been pinpointed by a range of studies, including Mork (1989) , Hooker (1996) , or Hamilton (1996) , who documented that increasing oil prices leads to negative effects on growth, while oil price decline could have a small boost to GDP, besides Bernanke et al. (1997) , Barsky and Kilian (2001) , and Cologni and Manera (2008) , who studied the effects of oil price shocks on monetary policy. Yet, there are few papers exploring the impact of oil prices on the macroeconomic performance of Vietnam (Narayan & Narayan, 2010; Le & Nguyen, 2011; Nguyen, 2014) , and the research into the relationship between oil prices and the Vietnamese economy in both short and long terms is scarce. This paper is organized as follows. Section 2 presents some literature reviews. Section 3 describes data and methodology, and empirical results are given in Section 4. The two final sections provide some concluding remarks and discuss a few recommendations to the oil market.
2.! Theoretical and empirical studies on the relationship between oil prices and the economy
There are many studies exploring the relationship between oil prices and macroeconomic activities of the economy. In this section we focus on both theoretical and empirical research, investigating the impact of oil prices on the macroeconomic indicators.
2.1.! Transmission channels of oil price shocks
According to Brown and Yucel (2002) and Tang et al. (2010) , oil prices influence macroeconomic variables through many transmission channels as follows:
• The shock of the supply: the increase in the price of oil can be seen as an indicator of a supply shock to reduce potential output.
• Effect of transfer income and aggregated demand: oil price shocks can affect economic activities through the effects on a transfer of purchasing power from oil importing exporting countries in the event of rising oil prices.
• The real monetary effect: higher oil prices will increase the demand for money. If monetary policy cannot boost the money supply to meet the increased demand, the interest rate will rise; hence, it will slow down the growth rate of the country. Similarly, oil prices may reduce investment because the manufacturer's profit decreases in this period, thereby reducing the demand for money.
• Inflationary pressure: the increase in oil price will create inflationary pressures in the economy.
• The role of monetary policy: in a certain period monetary policy will shape the way of the economy to absorb the oil price shocks. 
2.2.! Impact of oil prices on the economy
The impact of oil prices on macroeconomic activities has become one of the most popular studied topics in energy economics from the mid-70s, after the oil crisis in 1973. A pioneer in this subject is Hamilton (1983) . Using VAR methods proposed by Sim (1980) with US data over the period of 1948 -1973 , Hamilton (1983 concludes that the oil prices-US GNP growth relationship is negative, and seven to eight economic failures
Money demand ", interest rate " after the war periods in the United States occurred due to the significantly increasing crude oil prices.
Using the same period of time in their dataset, Gisser and Goodwin (1986) achieved similar results to Hamilton (1983) . When analyzing the data on US growth during the period of 1949 -1980 , Hooker (1996 showed that if oil prices increased by 10%, GDP fell by 0.6%.
A few researches have been conducted to capture the relationship between oil prices and macroeconomic activities for the ASEAN countries. Using the data across 1975Q1-2002Q2, Cunado and de Gracia (2005) pointed out the oil price-economic activity nexus as well as the price indexes in some ASEAN countries (Japan, Singapore, South Korea, Malaysia, Thailand, and Philippines). They conclude that there exists no cointegration relationship in the long run. In short terms oil prices have Granger causal relationship with the growth of the economies of Japan, South Korea, and Thailand. Tang et al. (2010) studied the short-term and long-term effects of the oil price in China, using SVAR model. They indicated that oil prices have a negative impact on product output and investment as well as the positive impact on inflation and interest rates.
However, few researches have ever been carried out into the impact of oil prices on economic activities in Vietnam. Narayan and Narayan (2010) was the first to explore the impact of oil prices on Vietnam's stock prices. Using data over the period of 2000-2008 including the nominal exchange rate as an additional determinant of stock prices, their results demonstrated the cointegration relationship between stock prices, oil prices, and the nominal exchange rate. In addition, the oil prices have a positive impact on the stock ones, which is inconsistent with theoretical expectations as caused by the internal and domestic factors.
3.! Research data and methodology
We use monthly data over the period of 2001M1-2012M12. All data are in logarithm and seasonally adjusted by the Census X12 method, except for interest rate which is in percentage point at an annual rate. Details of the data are presented in Table 1 , and all the variables included in the model are given in logarithmic forms. In methodology we use analytical methods of cointegration (ECM) to estimate the relationship among the value of industrial production, oil prices, and other macroeconomic variables in the context of Vietnam as there are many variables in the model serving as non-stop time series. Moreover, this method also allows us to observe the relationship in both short and long terms.
Firstly, we start with the three most important variables: IP, CPI, and OIL. In order to test the relationships, we use the equation:
where IP is the value of industrial production, CPI is inflation index, OIL is oil prices, and ut represents the noise.
Because most of the variables could be non-stationary, causing the OLS approach to give spurious results, we conduct unit root tests. If the series in use become stationary at the same level I(1), it would be possible for the linear combination of the variables to be stationary at the zero level I(0), or in other words, the data are cointegrated. Johansen tests are further used to obtain the number of cointegrated vectors. Additionally, the results of these tests are used in the VECM technique, which measures the long-run relationship.
By its means the VECM is employed to identify the equilibrium or long-run relationship among the variables. The VECM form with the cointegration rank is written as:
where y is the variable matrices (IP is the value of industrial production; CPI is inflation index; OIL is oil prices), 0 Φ is the explanatory vector (3x1), t ε is white noise vector, Γ is the coefficient matrices that proxy for the short-term relationship between the variables, whereas matric Π , the long-term relationship.
4.! Research results

Unit root tests and cointegration tests
We use Augmented Dickey Fuller (ADF) to test for the existence of unit root. All the variables are found to be non-stationary in levels but stationary in first differences. The implication of this result is that we can examine evidence for any possible cointegration relationship between oil prices, industrial production index, and consumer price index in Vietnam. In order to identify the lag length of the model, we apply the usual Akaike's information criteria (AIC). According to AIC, as well as FPE, SC, and HQ criteria, the lag length should be set at two lags. At this lag length there is no serial correlations resulted from the LM test by Luiz and Mauro (2010) . Therefore, the optimal lag length should be two. (Lukepohl, 2005) .
The results for both Trace statistic and Maximal Eigen statistic tests are reported in Table 4 . Both trace and max-eigenvalue rank tests indicate that cointegration exists among the set of the variables at 5% and 1% levels of significance. Both trace and maximum-eigenvalue tests also suggest one cointegration vector, implying that long-run movements of the variables are determined by one equilibrium relationship (2005), we check the stability of the model and find that no root lies outside the unit circle. This implies that our model satisfies the stability conditions.
Long-run relationship
We also base our procedure on Johansen's to construct the normalized cointegrating equation as follows: LnIP = 8.826 + 0.22 LnOIL +0.519 LnCPI + 0.013 TREND The normalized cointegrating equation shows that in the long run there is a negative relationship between oil price and industrial production index of Vietnam. Trend -0.013*** 0.002 *Note: *, **, and *** denote significance levels of 10%, 5%, and 1% respectively.
Short-run dynamics 
!
We then proceed with the VECM model for each set of variables to report the corresponding equation of each VECM associated with a particular oil price level. The VECMs provide the correction terms that reflect the effects of deviation of the relationship among the variables from long-run equilibrium and short-run parameters.
In the scope of this paper we present the adjustment coefficients related to DLNIP as follows: Table 6 Vector error correction estimates/short-run dynamics The results in Table 6 present the adjustment coefficient in connection with industrial production index of OLS and Johansen, respectively. The adjustment coefficients of EC are negative (-0.4498 for OLS and -0.4844 for Johansen) and significant at 1% level. It means that the shocks of industrial production will make the adjustment to equilibrium, and this process will take around 2 to 2.2 months (corresponding to -0.4498 and -0.4844). In addition, the Johansen test shows that a negative relationship also exists between oil price and industrial production index.
Impact of oil price shocks on domestic variables
Theoretically, oil price shocks are expected to have negative effects on the economy through varying transmission mechanisms as mentioned above. However, our results indicate a positive response of domestic output to the shocks, which contradicts prior theories. However, in the context of Vietnam, a possible explanation for this relationship can be such that increasing oil prices may reflect the growth of developed countries. In such case the oil price shocks may involve increased exports as well as output of Vietnam. 
Importance of oil price shocks in variance of domestic variables
In order to recognize the ability of oil price shocks to explain domestic variables fluctuations at different time horizons, we perform a standard variance decomposition of the forecast errors. Table 5 suggests the variance decomposition of the forecast error of domestic output. Oil price shocks seem to have a persistent impact as their weight in domestic output variances increases with time horizon. In the long run these external In the first six months oil price shocks account for more than 10% of domestic price level variances. However, this number decreases over time. In contrast, the output shocks have an increasing importance in forecasting domestic price level volatility, making them the most important shocks to the price level in long terms. The results of the nominal exchange rates reported in Table 7 are in line with the exchange rate regime of Vietnam. Other variables, both external and domestic, have an unimportant role in explaining the variance in exchange rates of Vietnam Dong. 
5.! Concluding remarks
In this paper we examine the relationship between oil prices and the three main macroeconomic variables of Vietnam. Theoretically, a rise in crude oil prices, on the one hand, increases exports, but on the other hand, leads to increased import prices. If the import costs are larger than the export revenues, oil price shocks will negatively affect the economy. However, our results indicate a positive impact of these external shocks on domestic output, implying the business cycle of Vietnam in the surveyed period. Additionally, the oil price shocks also result in an increase in domestic price levels and have an insignificant impact on the exchange rate of Vietnam.
The variance decomposition results show that oil prices account for approximately 20% of variance in output and only 10% of that in price levels. This can be subject to the Government's management of domestic market to protect the economy from adverse external shocks, which may include policies and subsidies for the establishment of the Petrol Price Stabilization Fund (PPSF). All of these supports also hint that there are many adverse conditions, which causes the pitfalls of monopoly in the oil industry. Specifically, the Petrolimex Group is accounted for more than 60% of the market share. Therefore, the Government must gain more control over the oil price in the market mechanism in order to prevent profiteering companies, predicted to negatively affect the health of the economy as well as people's lives.
6.! Recommendations to the oil market
The Government may consider reducing the degree of monopoly in the industry. For example, Petrolimex can be split into separate companies in order to mitigate its monopoly power in import and export of gasoline. Moreover, researchers can develop derivative products to hedge the risks of gasoline prices in the Vietnamese market.
The Government shall reduce intervention into the petrol prices; even though energy security is a very important issue, petroleum consumption should be left to the market forces to decide on the prices. In addition, if gasoline subsidies are supposed to be made, these need to be implemented comprehensively and in balance. The increase in supply from domestic refineries, such as Dung Quat, is increasingly typical, which will help to stabilize and limit the disadvantages of oil price shocks in the economy. These solutions can be stylized into the variables to be tested. Simulation of oil price impact on the economy when these changes are made will help illustrate and quantify specific effects of each measure. This is also an extended direction for future research topics#
